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@ Apparatus and sensor unit for monltorfng changes In a physical quantity with time. 

(§) Apparatus for monitoring changes in a physn 
cal quantity witti tinie comprises a reader unit 
(1) and at least one sensor unit (2) containing 
electronic components (20, 21, 23, 24 and 25) 
arranged to measure ttie physical quantity at 
predetenmined time intervals and to store 
measurement data witti correspondir^ time 
data. Each sensor unit (2) also contains com- 
munication means (26) for transfening the 
measurement data and the time data from the 
sensor unit (2) to the reader unit (1), and the 
sensor unit (2) also contains an inductive coupl- 
ing means (24) to receive energy from the 
reader unit (1) to power the oommunicatlon 
means (26). Each sensor unit is encapsulated 
with a food grade plastic and is typically the size 
of a credit card, theret>y providing a small and 
relatively inexpensive temperature monitoring 
device for use in the transport and storage of 
foodstuffs. 
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This invention relates to appa«tti8fornx.nrton^ 
Changes in aphysical quantity «thtim^Tt«^^ 
tojs n«y be used, for example, to monrto^ the temper- 
atuie of foodslufb in storage and «"«^^ ^ 

Food hygiene regulations impose increasmgly 
strirt«quir2.ents for the handling and storage of 
SSs^. and It IS desiralrt. -"J^^^^ 
reliably that over a given pedod, 
tempwature has been maintamed to suppress tte 
^^S^tacteria. fbr example. Various devices are 
^b,. be placed in the food «ntBm«r. 

to example a vehicle, to accompany the food and to 

':e:sTind recoil the t^^Pr^^r-^S; 
tainer at predetemiined intervais. recofdlr« attt» 
mSH time the date and time of the measurement 
X^rfood reaches Its destinalioa the ternpe* 
Te and time measur«nent. r««ded .n tt»d^ 
are read into a computer by connectmg the devce to 

" "tJSdwto ensure sufficient battery power is aval- 

awe » ?^ra«. data measuring --^j;-^^ 
tions reliably over a long period, and to P^««^ 
ofthedatatothemaderunitlmowndevl^^enera^ 

am relatively bulky and costly to «<»'«^^J^ 
llirtts their application, since they occupy space wWch 

Z.ld othei^ise be occupied by f<>^^'-^J^ 
cost of including oneormom of the dev.c^w*hev«y 

load of foodstuffs can be pmWbilw^ ^'!^ 
r.,efbre. most existing <*«vices «end to be usjdfer 
random testing, travelling with selected loa<*»..«*er 
than for monitoring every load aid •"^J'S/^^ 
sponslbllty for spoiled ftoods to be e^tabl shed, or M 
,eTst to be avoided, by the user of the dev.cee.The« 

is therefore a need for a temperature monitonng sys- 
tem which includes small and relatively in^P*"^ 
temperature monitoring devices whichcantra^ 
everyvehide load, or even wHh every paHet load wrth. 

in the vehicle. • 
The specification of US Patent NO. 4.972.099 d». 

closes a portable sensor card in which an externa^ 
physical phenomenon can be sensed and *e sensed 
V Jue subjected to signal and data processing anditt« 
results of processing stored, and in which the stored 
data can be read out to an external device. More par- 
ticulany this publication teaches a sensor card com- 
prising a single card substrate on which are mounted 
a sensor, an integrated circuit having a menwry. and 
an output temiinal. The sensor card Is used to detert 
and record the temperature of theenvironmentoffood 

or living things during transportation and indudw a 
sound-emitting element for generating a P«0«»^ 
mined warning tone when the microprocessor dete^ 
a sensed temperature outside allowable limits. The 
sensor card incorporates its own power supply-jnthe 

fonn of a battery imbedded within the cart substrate, 
and has an external connection tenninal for connec- 
tion to an external device such as a personal comput- 
er This sensa card s relatively bulky due to the im- 



tMdded battery which needs to meet all its ^^'^ 
5?^nts.S;rthem«r..theextemalco,jne<*o^^^^ 

minai and the m^^::;:;^;;^^ 

provide recesses m which foodstuffs drtwJ^MOCh 
5 atedmicroK^ganisms win accumulate to the dem- 

with the provisions of apparatus, fbr monrtonng 

^nges inTphysical quantity ^^^"^^ 
,0 dudMareaderunitandatleastonesensorunitcofr 
SS etectronlc components arranged to measum 
ZSS^uantity at pr«letennlned time intejvab 
andTstore measurement data with corresponding 
Si d^me or each s«»or «nit al« 
» communication means fOf transferring the measure^ 
S^lt data and the time data *om the sensor unrt ID 

tt5lt!i^toj««ofthelm«miontonilnimisethebulk 
andcostofthe8en8orunit.andtoavokJtrapsforfbod- 

20 stutfe, dirt mfcro-organisms and the like. 

^liccordlngtooneaspectoftheim/entlonsuchap- 
paratus Is provided with a sensor unit containing in- 
SSi; coS.9 means adapted to "»lv. .^e^ 
ftom the reader una to power the communKatlon 

^ "**plrterably the communicatton means Is arranged 
totran8mltdatatothereaderunitbyreceivingnf.pow. 
^ from the mader u nit and by v-jying *• 
tt,e sensor unH represents for the reader in accor- 
30 dance with Ihe data to be transmitted. 

The electronic components in each sensor unrt 
may comprise meaeuiring means fbr measunng the 
ph^ical quantity, timing means for controlling opera- 
Sorof ti; measurement means to obtain rn^ 
35 menis at predetemiined intervals ami forp^«toJ 
time data relating to each of the 
storage means fbr storing the measurement data and 
associated time data. 

The physical quantity will typicany be tempera- 
40 ture.themeasuringmeansbeing.fbrexample.athe^ 
mocouple. but other physical quantities may also be 
monitorad with apparatus in accordance a- 
ventlon. For example, sound intensrty may t» mor^ 
tored by incorporation of a suitable transducer m t»» 
4s sensor unit permitting monitoring of nose levas n 
ouWic places or wiUtin factories to detennine whether 

mgdation8arebeingobserved.Eachsensorum^ 

feiablyeonta-insasnrall battery for providing powerfor 
its electronics components other than the communi- 

50 cations means. «iwin« 

In certain applications, for example for monitonrig 
temperature in a cold storage room, it may be desir- 
able toguart against removal of the sensor unit to an- 
other location (fbr example to a refrigerator) m orter 
55 fraudulenaytomaskfailureoftt.e«»Wstorage~o^ 
tw maintaining a temperature at or below the legaHy- 
required maximum. Accortingly. for such aptjica- 
tions, the apparatus may comprise at least one Dase 
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unit co-operable with a sensor unit such that separa- 
tion of the sensor unit from the t)ase unit may be 
sensed or otherwise detected, the electronics compo* 
nents including storage means Ibr storing the meas- 
urement data and associated time data* and the stor- 
age means also being arranged to store data regard- 
ing said separation. The detection means is prefer- 
ably the inductive coupling iheans whereby the stor- 
age means wil retain a history of the inductive cou- 
pling of the sensor unit with any reader unit Alterna- 
tively, the electronic components in the sensor unit 
may be powered only by energy received from the 
base unit by the inductive coupling, whereby the sen- 
sor unit Is only operative to store new data when in- 
ductively coupled with the base unit The communica- 
tions means is preferably arranged such that data 
may be communicated from the sensor unit to the 
reader unit irrespective of their relative orientation. 

The present invention is also particularly con- 
cerned with a sensor unit for monitoring changes in 
a physical quantity with time, comprising a body car- 
rying electronic components arranged to measure 
said quantity at predetermined time intervals and to 
store measurement data with corresponding time 
data. According to another aspect of the Invention 
such a sensor is provided with communications 
means in the form of an inductive coupling means, 
and the inductive coupling means is adapted to re- 
ceive energy to power the communications means. 
Preferably the body is a plasties body enclosing the 
electronic components, the communications means 
and the inductive coupling means preferably by en- 
capsulation. The inductive coupling means is prefer- 
ably a coH encapsulated near the periphery of the 
plastics body. In this event the electronics compo- 
nents and the comnnjnications means may t>e posi- 
tioned within the coils. Using technology currently env 
ployed in the manufacture of integrated circuit cards 
or "smart cards", the unit may be made relatively 
small, for example having, in plan, a shape and size 
similar to'the ISO standard bank or credit card, with a 
thickness less than 10 mm, preferably less than 6 mm. 
for example 5 mm. Such a size and configuration 
would permit the unit to be inserted in packaged food 
to monitor temperature without significantly reducing 
Space available for the food, the tiny power require- 
ments of the internal electronic measuring and record- 
ing functions being provided by a very small internal 
battery which can be rechargeable through the induc- 
tive coupling. 

By powering data transfer to the reader unit with 
inductively-coupled power from the reader unit the in- 
ternal battery in tiie sensor unit operating the other 
electronic components may be kept small, thus per- 
mitting the size of the sensor unit to be reduced. En- 
capsulation of integrated circuit components within a 
plastics body penmits the sensor unit to operate in en- 
vironments which would be deleterious to electronic 



components, and ensures a low thennal mass which, 
in the case of temperature monitoring, results in a rap- 
ki response to temperature change without the need 
for external temperature probes. The reduction in size 

5 to. for example, a thick credit card size, also reduces 
thenmal mass, and reduces the volume occupied by 
the sensor unit tiius enabling it to be located where 
monitoring is required, without the need for external 
probes and the like. For example, sensor units in ac- 

10 cordance witii the invention may be packed with food- 
stuffs to monitor temperature not only of complete ve- 
hicle loads, but also of indMdual pallet loads fonning 
part of the vehicle load, and even of high value pack- 
ages fonning part of pallet loads. The cost of the sen- 

f 5 sor units may be substantially less than known tem- 
perature monitoring devices, thus pemnitting their use 
for monitoring every toad rather than sampled loads. 
The reduced size also simplifies coupling with a read- 
er unit precise alignment with the reader unit being 

20 unimportant rendering the extraction of data via the 
reader unit to, say, a computermuch easier. Typically, 
the sensor unit wlB be "Initialised' by the reader unit 
upon entry of a security code, for example, to dear ex- 
isting data and to commence the data recording op- 

25 eration. Each reader unit may record in the sensor unit 
Its own individual "signature" code for monitoring pur- 
poses. 

Energisation of data nuiy be canried out by the 
electronic components in the sensor unit for security 
30 purposes and/or to compress the data to reduce stor- 
age requirements or increase the amount of data 
which can be stored. In one data compression tech- 
nique, only significant changes in. say. temperature 
are recorded, so that repeated readings of the san>e 
S5 temperature are not stored. The change necessary to 
trigger storage of new data may be varied. The data 
recording frequency may be varied according to cir- 
cumstances. For example, different food types may 
require different temperature recording frequencies. 
40 The inventton w91 now be described by way of ex- 
ample only, with reference to the accompanying draw- 
ings. in which:- 

Figure 1 is a perspective view of apparatus ac- 
cording to one embodiment of the invention, and 
45 Figure 2 is a block diagram of the sensor unit 
fonmffig part of the apparatus shown in Figure 1. 
The apparatus shown in Figure 1 consists of a 
reader unit 1 upon which rests a self-contained sen- 
sor unit 2. In the position shown, the reader unit and 
50 sensor unit communicate with each other by inductive 
coupling, for example in the manner described In our 
UK Patent No. 2173623, which can be designed to 
function irrespective of the relative orientation be- 
tween the sensor unit and the reader unit A cable 3 
55 connects the reader unit 1 to a personal computer and 
to a power supply, so that power is avaSable for op- 
eration of the reader unit 1 . and the data received from 
the sensor unit 2 can be passed to the personal com- 
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outer for further processing and. if desired printed 
Cut in use. the sensor unit 2 is ^J^^^ 

«ct the internal clock, to calibrate the temperatow 
^Luring elements therein by 
rate measuring device in the reader l 
awe delay fbr temperaU« 
the new data recording sequence. The ««*»^^^^ 
may send to the sensor unit 2. for storage ttieiBin. 

Sating to the batch of goods with which the sen- 
;?uStttlSplaced.andcontroldataspedfyingthe 
;rur.mentL.va.,tobeapp.led^«ca«.»^^^^^ 

nature of the goods, for exampte-Aseoff^ep^ 
manently stored within the sensw umt 2 may be «Wh 

^ Sth a code entered into the c«nputer v.a 
keyboard. If the codes do not match, the sensw un* 
2^ be airanged to ignore fOrther Instmctlon. and 
data sent thereto by the reader unit 1 . 

Referring now to Figure 2. the sensor unit com- 
prises a body 10 in which are encapsulated a suth 
strate 11 bearing a printed circuit which appropriate^ 
interconnecis a centiBl processor 20. a memory 21 In 
Tfom, of an EEPROt^. a battery 22 (for example a 
lithium cell), a dock circuit 23. 
devices 24 and 25. The components 20 and 23. for ex- 
an^e. may fOm^asingle integrated drcuitAwm|^ 
nk»tk>ns drcult 26 IS also encapsulated m the body 
10 and is connected to the central processor 20 md 
byconnecto«27and28.onone.We<rfthe«*strato 

11. to an inductwe coupling means defined by an in- 
ductive coil 29 extending around the periphery of the 
substrate on the opposite side from the connectore 27 

and 28. The col 29 thus provides lnduclh« communi- 
cation between the communication drcult 26 and the 
reader unit 1. thereby achieving a contacdese hiter- 
face The two thermocouple devices 24 and 25 era 
spaced apart in the sensor unit to compensate enrors 
due to local variattens in temperature. Time data (m- 
duding the date) is stored with earesponding temper- 
ature measurement data in the memory 21 at the de- 
sired predetennined intervals, after initialisatton of the 
unU as hereinbefore described. When the sensor unit 
2 and its assodated load reaches the destination, the 
card is again placed on a reader unit and, after dear- 
ance of security codes as already described, the data 
from the memory 21 is transmitted via the communi- 
cations drcuit 26 to the reader unit 1. 

The internal battery 22 can be very small as it only 
provides power to the central processor 20. the mem- 
orv 21 . the dodc drcuit 23 and the thermocouple de- 
vices 24 and 25. The duty cyde of the battery 22 is typ- 
ically very low as the sensor unit is programmed to op- 
erate only for very short periods at relatively long m- 
tetvals - for example, for 120 milliseconds every few 
minutes. When the sensor unit 2 is inductively cou- 
pled with the reader unit 1. the inductive ffeld is ar- 
ranged to over-rlde the battery 22 so that the total en- 
ergy demand for the sensorunit 2will be derived from 



the Inducthfe coupling which can also be used to re- 
charge the battery 22. 

The coa 29 would typically comprise about 15 
tums and be fom«d as a printed drcuit on theraw» 
5 face of the substrate 11. Preferably the coB » a 

tuned, for instance by use of a suitable ^ 
anarrowrangeoffrequendeetoopbmisetheeffiaen- 

cy of the contacUess interface. 

For those applications where * « e«8entia^ to 
,0 keep a record of the times at whidi the sensor unrt 2 
is Inductively coupled with a readerunit 1. th» infor- 
mation may conveniently be stored «!^'^'*J^ 
thereby generating a history of such induebve cou- 

,5 use with foodstuffs or liveslodc fbr Instarwe. 

the sensor unlt2 would be totally hennetteally seated^ 
The body 10 would preferably be formed from a food 
grade plastic and wouW eWter be formed m two or 
more moulded pieces welded togettier (for instance 
20 byaperipheralultrasontaweld).orbeanen«psuU. 
tinfOraHofttieelectronicaMnponents^uitaWeooi 

range plastics are m P«'y»»«»«'»» JP*^S?2 
high density polypropylene. One end of ttie body 10 
may be extended to define an attadiment. »«* as a 
25 hookorahdefOrafodng.wherebythesefl^^ 
may be posHhrely secured to a pallet of ftoodslufh or 

the like. ^ ^ . . 

Eadi sensor unit 10 is unique and wil requre in- 
dividual calibration. To ttils end the central 
30 20ofeach8ensorunitmaybeprogramroedtopetftoim 

a eelf-test of the sensor unit In this manner groups o* 
sensor units may be calibrated by subjecting ttiem to 
a predetermined temperature and usingasoftware in- 
struction via the contacUess interface toef»ectprec«e 
35 calibration. Simiiariy software msttucBone may i)o 
used to alter the programme sampling sequence of 
any sensor unit thereby adjusting the period of meas- 
urement and the timing of subsequent measurements 
to suit the «»er's requirements. 
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Claims 



1 Apparatus, for monitoring changes in a physic^ 
45 ' quantity with time, induding a reader urat and at 
least one sensor unit containing electronic com- 
ponents arranged to measure tt» physical quan- 
tity at predetermined time ntetvals and to store 
measurement data witti corresponding 
50 the sensor unit also containing communication 
means for transfening the measurementdata and 

the time data from the sensor unit to the reader 
unit, characterised In ttiat the sensor unit (2) also 
containing inductWe coupling means (29) actepl- 
55 ed to receive energy from the reader unit (1) to 

power die communication means (26). 
2. Apparatus.asinaaim1.characlerisedinBiatthe 
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convnunication means (26) is arranged to trans- 
mit data to the reader unit (1 ) by receiving r.f. pow- 
er from the reader unit and by varying the load 
whichthesensoruntt(2) represents for the reader 
unit (1) in accordance with the data to be trans- 
mitted. 

3. Apparatus, as in Qaim 1 or 2. characterised in 
that the electronic components include measur- 
ing means (24. 25) for measuring the physical 
quantity, timing nteans (23) for controlling opera- 
tion of the measurement means (24. 25) to obtain 
measurements at predetermined internals and for 
providing time data relating to each of the meas- 
urements, and storage means (21 } for storing the 
measurement data and associated time data. 

4. Apparatus, as in Qaim 3» characterised in that the 
measuring means (24. 25) Is arranged to meas- 
ure temperature. 

5. Apparatus, as in any preceding daim, character- 
ised in that the sensor unit (2) additionally con- 
tains a battery (22) for providing power for the 
electronic components (20. 21. 23, 24 and 25). 

6. Apparatus, as in any preceding daim, character- 
ised in that the detection means (1,2) are ar- 
ranged to sense separation of the sensor unit (2) 
from the base unit (1 ). the electronic components 
Include storage means (21) for storing the meas- 
urement data and associated time data, and the 
storage means (21) Is also arranged to store data 
regarding said separation. 

7. Apparatus, as In Qalm 6. characterised In that the 
detection means (1.2) is the inductive coupling 
means (29). 

8. Apparatus, as in Claim 7. characterised in that the 
electronic components (20. 21 . 23. 24 and 25) are 
powered by energy received by the inductive cou- 
pling means whereby the sensor unit (2) is only 
operative to store new data when inducthrely cou- 
pled with the base unit (1). 

9. Apparatus, as in any preceding daim. charader- 
tsed in that the sensor unit (2) comprises a plas- 
tics body (10) endosing the electronic compo- 
nents (20. 21. 23. 24 and 25) and the communi- 
cations means (26). 

1 0. Apparatus, as in Claim 9. characterised in that the 
inductive coupling means (29) is also endosed by 
the plastics body (10). 

11. Apparatus, as in Claim 9 or 10. characterised in 
that the electronic components (20. 21. 23. 24 



to 



15 



20 



25 



30 



35 



40 



45 



50 



and 25). the communications means (26) and the 
inducth^e coupling means (29) are encapsulated 
by the plastics body (10). 

12. Apparatus, as in any preceding daim. character- 
ised in that the communications means (26) is ar- 
ranged such that data may be communicated 
from the sensor unit (2) to the reader unit (1) ir- 
respective of their relative orientation. 

13. A sensor unit, for monitoring changes in a physi- 
cal quantity with time, comprising a body canying 
electronic components arranged to measure said 
quantity at predetermined time intervals and to 
store measurement data with corresponding time 
data, and communication means for transferring 
the measurement data and time data to a reader 
unit characterised In that the conununication 
means is an inductive coupling means (29), and 
the inductive coupling means (29) is adapted to 
receive energy to power the communication 
means (26). 

14. A sensor unit, as in Claim 13. characterised in that 
the body is a plastics body (10) endosing the 
electronic components (20. 21. 23. 24 and 25), 
the communication means (26) and the inductive 
coupling means (29). 

1 5. A sensor unit as in Claim 14, charaderised in that 
the electronic components (20. 21. 23. 24 and 
25), the communication means (26) and the in- 
ductive coupling means (29) are encapsulated by 
the plastics body (10). 

1 6. A sensor unit as in Claim 15. charaderised in that 
the inductive coupling nr>eans (29) is a coil (29) 
encapsulated near the peripheiy of the plastics 
body (10). 

17. A sensor unit as in Claim 16. charaderised in that 
the electronic components (20. 21 . 23. 24 and 25) 
and the communications means (26) are posi- 
tioned within the coil (29). 

18. A sensor unit as in any of Claims 13 to 17. char- 
acterised in that the body (10) has a thickness of 
less than 10 mm. 

19. A sensor unit as in Claim 18, charaderised in ttiat 
the body (10) has a thickness of less than 6 mm. 

20. A sensor unit as in any of Claims 13 to 19. char- 
aderised in that the body (10) is substantially the 
same shape and size as an ISO bank or credit 
card. 

21. A sensor unit as in any of Claims 13 to 20. char- 
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acterised in that the body (10) is foimed from a 
food grade plastic. 

22. AsensorunttasinClairnZl.characteris^ 
the lK>dy (10) is formed ftom a polyolefine. 

23. Aserisor.nitasinClaim22.cha«ten^^^ 
the t)ody (10) is formed from a high density poly- 
propylene. 
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